M-twist is the murine homolog of the Drosophila twist gene which is a zygotic target for maternal genes that establish embryonic dorso-ventral polarity and is necessary for mesoderm formation. We recently showed that before gastrulation, M-twist transcripts are detected in morulae and blastocysts, then in extra-embryonic tissues of early implanted mouse embryos before the onset of gastrulation, and we suggested that M-twist might be involved in embryonic polarity (Stoetzel et al., submitted). Here, using in situ hybridization on whole mount embryos, we present the expression pattern of M-twist from primitive streak stage up to 10.5 days p.c. In implanted embryos, M-twist is first expressed in extra-embryonic tissues, then in embryo proper around egg cylinder stage within some embryonic ectodermal cells of the primitive streak. Slightly later, scattered cells within the amniotic cavity apparently detached from the primitive streak also express the gene. Then, M-twist transcripts accumulate in head mesenchyme, the first aortic arches, somites and lateral mesoderm and, as development procedes, successively the second, third and fourth branchial arches, the anterior limb buds and, finally, the posterior limb buds. Thus M-twist expression in implanted embryos occurs first along a dorso-ventral gradient pattern until the headfold stage, then it is gradually observed along the rostro-caudal axis of the embryos as development procedes in the mesodermal cell layer and in neural crest cell derivatives. In addition, we show the existence of some previously undescribed subsets of scattered cells that express M-twist and thus might participate in murine embryo development.
Introduction
In vertebrates, a three-layered embryo with morphologically distinct anterior and posterior regions is organized through the complex primordial morphogenesis movements of gastrulation which occur both along anterior-posterior and dorsal-ventral axes. Secondary morphogenesis movements will establish the refined body plan and organogenesis. These movements occur just after gastrulation, but in many species, it begins before the end of gastrulation as there is a rostro-caudal gradient of development within embryos (i.e. chicken or rodents). Major features of this second wave of cell movements are the appearance of axial structures such as the neural tube and the notochord on the dorsal side and the digestive tract on the ventral side. * Corresponding author, Tel.: +33 88371255; Fax +33 88370148. These secondary morphogenetic movements are similar to the first ones as they involve also cell shape changes or differential cell adhesion processes, although at the level of whole embryo observation their amplitude is reduced compared to the 'wide cellular movements that occur during gastrulation. In addition, important phenomena appear such as cellular group segregation (metamerisation, branchiomerisation) and morphologically obvious cellular differentiation.
In Drosophila, due to the shape of the embryo and the organisation of the blastula, gastrulation movements imply cell movements only along the dorso-ventral axis of the embryo. Germ-band elongation processes, that might be equated with secondary morphogenesis movements, occur along the antero-posterior axis of the embryo (Campos-Ortega and Hartenstein, 1985) .
Genetic control of primordial morphological movements is beginning to be elucidated at the molecular level by comparing different model-systems. Gastrula-0925-4773/9X$09.50 0 1995 Elsevier Science Ireland Ltd. All rights reserved SSDI 0925-4773(95)0369-C tion in Xenopus, for example, seems to be induced by a totally different group of genes than those in Drosophila, although some genes involved in this process do have vertebrate counterparts (Shih and Keller, 1994 for a review on Xenopus gastrulation; Reuter and Casal, 1994 , for a review on Drosophila gastrulation). In addition, species-specific structures that will allow nutrition and oxygenation of the mammalian egg such as ectoplacental cone, trophoblast and extra-embryonic twi B4 M-twi annexes are developed under zygotic control. Those species specific functions might be expected to be controlled by mammalian specific genes. We characterized at the molecular level the Drosophila twist gene (Thisse et al., 1987a (Thisse et al., , 1987b (Thisse et al., and 1988 which is involved in the gastrulation process as a zygotic target , Pan et al., 1991 of the maternal nuclear gradient of the dorsal morphogen (Roth et al., 1989 , Rushlow et al., 1989 , Steward, 1989 ). E M-twi M-twist. (A) Northern blot analyses of total RNAs from 9-14.5-day embryos. 20 pg of total RNAs were loaded on each lane. Using the M-twist Sc7 cDNA as probe, the M-twist transcripts band size of about 18s is detected with equal intensity at all tested stages (upper part of the figure); a control 36-B4 probe detecting constant RNA (M.C. Rio, pers. commun.) is shown on lower part. Exposure time: one night. (B) RT-PCR analysis. The M-twist specific amplified band is detected at about I90 bp in reactions initiated on 100 ng of RNA extracted from 7.5-l4.5-day embryos, with a peak in l0.5-day embryo extracts. Exposure time: one night. (C) RT-PCR analysis on about l-2 ag of RNA extracted from dissected parts of 12.5-day embryos reveals that M-twist transcripts are abundant in posterior limb buds (PLB), germinal buds (Germ. B.), tails and body mesenchyme (mesench.), but only traces of M-twist transcripts can be detected ectoplacental cone (ect. cone) and annexes (annex.); no transcripts were detected any more in RNA extracted from anterior limb buds (ALB). Exposure time: one night. (D and E) RT-PCR analysis on adult organs. 100 ng of RNAs extracted from spleen (adu. spleen), small intestine (adu. s. intest.), caecum (adu. caecum), liver (adu. liver), heart (adu. liver), kidney (adu. kidney) and lungs (adu. lung) contain detectable levels of M-twist transcripts only upon one night exposure (I cg of IZday embryonic intestine and IZday embryonic tail RNAs were analyzed in parallel for comparison) (D). Whereas a 2-h exposure time is sufficient to visualize that 100 ng of RNA extracted from adult large intestine (adu. I. intest.) contains similar amounts of M-twist transcripts as 100 ng of RNAs extracted from 8.5-or 9.5-day embryos (E).
Its vertebrate counterparts, the murine M-twist gene (Wolf et al., 1991) and the batracian X-twi gene (Hopwood et al., 1989) were only first described to be expressed after the onset of gastrulation. More recently, we have shown that the murine M-twist gene is activated before implantation, and that its transcripts accumulate in the ectoplacental cone and derived giant cells and later in some primitive embryonic endodermal cells, suggesting that M-twist might be a zygotic partner of the embryonic polarity process in mice, as well as the Drosophila twist gene (Stoetzel et al., submitted) .
Here, by using whole mount in situ hybridizations, we describe M-twist expression in gastrulating mouse embryos and during the secondary morphogenesis period of development. In primitive streak stage embryos, the extra-embryonic mesodermal layer as well as scattered cells that appear to be within the amniotic cavity express M-twist. Histological preparations confirm the existence of these scattered cells in primitive streak stage embryos. As head folds begin to form, Mtwist transcripts accumulate in head mesenchyme, paraxial and lateral mesenchyme. Later, the first, then second and third aortic arches express the gene, and RNAs also accumulate in somites and successively in anterior and posterior limb rudiments.
Thus during the early morphogenesis period, M-twist is gradually expressed from dorsal-most extraembryonic structures to ventral-most embryonic regions of the developing conceptus. During secondary morphogenesis, it is a general marker for the undifferentiated mesodermal layer and cranial neural crest cell derivatives in which its expression pattern parallels the rostrocaudal gradient of murine development.
Results

Temporal expression pattern of M-twist
Total RNA was extracted from mouse embryos through most developmental stages (from 7.5 to 14.5 days of development), from some adult organs and from dissected 12.5day embryos. Northern blots and reverse PCR (RT-PCR) experiments were both performed and probed with the Sc7 M-twist cDNA probe (Wolf et al., 1991) ; M-twist transcripts, of about 18s in size, are detected at similar intensities from 9.5 day of development onwards on Northern blots (Fig. 1A upper part for M-twist transcripts detection and Fig. 1A lower part for constant RNA amount control). Using RT-PCR, we could in addition detect M-twist transcripts in RNA from 7.5-and 8.5-day embryos (Fig. 1B) . In dissected 12.5-day embryos, a rostro-caudal gradient of M-twist expression was observed by RT-PCR (Fig. 1C) : at that stage, anterior limb buds contain no detectable amount of M-twist transcripts whereas posterior limb buds, germinal buds and tails contain high levels of M-twist transcripts. Moreover, organ or tissue specific expression was observed in addition, as almost no transcripts were detected in ectoplacental cone and annexes, whereas the body mesenchyme accumulate high levels of M-twist transcripts.
For adult organs analyses, Northern blots revealed only some M-twist transcripts in large intestine (not shown). However, by RT-PCR, a detectable basic low amount of M-twist transcript was observed in all tested organs (Fig. lD, overnight exposure) , with about five times more M-twist transcripts in the large intestine than in all other tested adult organs (Fig. lE, 2 -h exposure).
Primitive streak stage embryo
The developmental evolution of the mouse embryo is described according to Rugh (1968) , Dollander et Fenard (1970) , Hogan et al. (1986) and Kaufmann (1992) . The different in situ hybridization protocols that were tested (see Experimental procedures) gave similar results.
Obliteration of the proamniotic canal occurs on the 7th day of gestation (late primitive streak stage) with the formation of amnion that separates the exoclomic cavity from the amniotic cavity. The conceptus now is divided into three separate compartments which consist of, from dorsal-most to ventral part, the ectoplacental cavity, the exocoelomic cavity and the amniotic cavity, being separated by the chorion and amnion respectively.
Using the whole Sc7 M-twist cDNA as probe for whole mount hybridization, M-twist RNA is detected around the ectoplacental cavity in extra-embryonic ectoderm derived from ectoplacental cone and in extraembryonic mesoderm lining the exocoelom (mesodermal part of the chorion and of the amnion) in 7-day embryos ( Fig. 2A) . Within exocoelom, the anterior part of allantois which originates from mesoderm posterior to the primitive streak contains also some M-twist transcripts. Surrounding the amniotic cavity, the embryo proper becomes three-layered: cells leaving the region of primitive streak will migrate forwards and lateraly to form the mesodermal layer of the embryo proper. M-twist transcripts are weakly detected in ectodermal cell of the embryo proper and subjacent mesoderm, at the side of primitive streak formation (Fig. 2B: inner view of half the embryo in parasagittal section). Some cells within the amniotic cavity and expressing M-twist are also observed (see below and Fig. 2A ).
As formation of the primitive streak is progressing, ectodermal cells along the primitive streak contain more transcripts while their level lowers in extra-embryonic layers. Fig. 3A shows the whole conceptus, in which the label appears in the apical part of the ectodermal embryonic cells all along primitive streak; close observation of the embryo proper reveals also the presence of M-twist transcripts in scattered cells migrating apparently within the cavity (Fig. 3A ' at higher magnification). Fig. 3B shows the inner portion of a slightly older conceptus, sectioned almost sagittally after labeling: the rostra1 region of the primitive streak, behind the head process and cells within the amniotic cavity express abundant M-twist transcripts in addition to extraembryonic layers. Higher magnification of the same plane in the embryo proper is shown in Fig. 3B ' where labeled scattered cells migrating within the amniotic cavity are clearly also observed, facing the distal region of the labeled primitive streak.
In early head process stage, M-twist transcripts are faintly detected in posterior epiblast cells around the amniotic cavity, in allantois and amnion, and in cells migrating within the amniotic cavity, in the whole extraembryonic mesoderm, but no M-twist transcripts are detected any more in extra-embryonic ectoplacental cells. Such an embryo shows that the detected scattered cells within the amniotic cavity seem to originate from the primitive streak ( Ten embryos (El-ElO) around the primitive streak stage (7 days p.c.) were prepared and serially sectioned.
Precise orientation of the embryos before embedding was not possible. However, we obtained some embryos that were sectioned parallel to their anteroposterior axis and some in roughly perpendicular plane. About 15-30 intact serial sections were collected from each embryo and observed. In embryo sections that are reasonably well conserved, scattered cells are seen within the amniotic cavity that seem to be located on some fibrous, stellate, scafold. Two early primitive streak stage embryos, cut in parasagittal ( Fig. 5A and A') and in perpendicular ( Fig. 5B and C) orientations, respectively, are presented. The arrows point to the cells migrating within the amniotic cavity. These cells are not present on all the pictures taken from one embryo. In early embryos, they seem to be located closer to the primitive streak than to the future head region and about in the same plane as the primitive streak. In older embryos, they reach the headfolds (See Fig. 6A and B for parasagittal sections at high magnification).
Presomite headfold stage
As gastrulation progresses, the primitive endoderm overlying the embryonic portion of the egg cylinder is gradually displaced by the definitive endoderm and, in the midline, by the notochord (Poelmann, 1981b) . On the 8th day of gestation, although gastrulation is not complete, tissues at the anterior pole of the embryo pro- Embryo labeled with the Sc7 cDNA derived riboprobe, using the protocol from . (Bl-86) Different optical sections of this embryo, taken with the 20 x objective, showing that cells expressing M-twist leave the primitive streak apparently to migrate within amnotic cavity. (C and D) Lower and higher magnifications of a lateral view of another embryo, where M-twist transcripts (coloured regions) accumulate mainly in amnios, more weakly in ectodermal cells of the posterior part of the primitive streak, in the allantois and the extra-embryonic mesoderm, plus in cells within the amniotic cavity (double arrow heads). This embryo is labeled with the Xbal-EcoRl derived riboprobe, that is weaker than the whole Sc7 derived riboprobe, using the protocol from Herrmann (1991) . The bars represent 100 pm. duce the headfold. High levels of M-twist RNA accumulate within head mesenchyme, and some transcripts are still weakly detected along the amnion and extraembryonic mesoderm and around the amniotic cavity in ectodermal cell layer of the primitive streak. The Mtwist-containing mesenchymal layer of cells beneath the headfold might contribute to heart formation as epicardium (outer heart membrane) and myocardium (heart muscles) and originate from splanchnic mesoderm of the pericardial cavity. Visceral embryonic endoderm do not express M-twist. (Fig. 7) .
Unturned 8-IO-somite embryos
In 8-IO-somite embryos, the maxillary components of the first branchial arches become prominent. Branchial arches are colon&d by cranial neural crest migrating cells (Bronner-Fraser, 1993 for a review and references therein).
The most intense accumulation of M-twist transcript is observed within the first branchial arches and more uniformly in the anterior ventral part of the head mesen-I ic m thyme around the optic vesicle, in segmented truncal mesoderm and lateral plate mesoderm. They are weakly detected in caudal unsegmented mesenchyme and allantois. No M-twist transcripts are detected neither in mesenchyme of the most dorsal part of the head nor in the prominent formed heart. The tail is almost not labeled (Fig. 8A at low magnification) . Somites are par- 8D , and its expression within mesenchymal cells of branchial arches and around optic vesicle in Fig. 8E . Note in Fig. 8E that ectodermal cells of the epiblastic furrows lying the arches do not contain any M-twist transcripts.
M-twist expression in 12~somite embryos
The same expression pattern is observed in an unturned, 12-14-somite embryo (Fig. 9A and A' ) and in a fully turned 1Zsomite embryo (Fig. 9E) . Note the obvious accumulation of M-twist transcript in the first branchial arches, trunkal somites and at the base of allantois; neither the heart nor the tail appear to express M-twist. The region of second branchial arches that are not yet formed begins to contain M-twist mRNA ( Fig.  9A and A' ). Dissected parts of such embryos at higher magnifications show that head mesenchymal cells express M-twist but not the neural cells nor otic placode (Fig. 9B) ; trunkal somites contain M-twist transcripts but not the neural tube (Fig. 9C) ; and a lateral view of dissected somites (Fig. 9D) shows that higher amounts of M-twist transcripts accumulate at dorsal side of the somites in addition to some detectable transcripts at their central part.
The prospective limb territories could be traced back to the prelimb bud stages in 9-day mouse embryos with less than 16 somites (Milaire, 1975 and 1987) . They lie at cranial and caudal ends of the coelomic cavity, the anterior limb territory being adjacent to somites 7-12 and that of the posterior limb adjacent to the still unsegmented mesoderm of the future somites 26-30.
In an -14-somite embryo, the anterior limb buds appear as localized swellings on the lateral body wall; those are composed of undifferentiated mesoderm covered with ectoderm. In such a 1Csomite embryo, Mtwist mRNA accumulates in the anterior limb rudiment (about between the 7th and the 12th somites), in addition to head mesenchyme, branchial arches, somites and base of allantois ( Fig. 1OA and A' ). Higher magnifications showing M-twist transcript in crude sections of this embryo are given on Fig. lOB-G . Within head mesenthyme around optic vesicle (Fig. lOB) , at the base of allantois (Fig. 1OC) ; within somitic mesoderm (Fig.  lOD) , in addition faintly within some cells of the pharynx (Fig. 10E ) and in lateral plate mesoderm but not in surface ectoderm (Fig. 10F) ; in a dissected trunkal somite, M-twist transcripts are uniformly located at this developmental stage (Fig. 1OG; compare to Fig. 9D) .
The posterior limb territory appears 15 h later than that of the anterior limb, at about the time of third and fourth visceral arch formation. In 1%20-somite embryos (about 10.5-day embryos), the region of the third and fourth visceral arches (Fig. 11A for control, Fig.  11B for assay) as well as the posterior limb bud (Fig.  11C ) accumulate M-twist transcripts. At this time, the first and second branchial arches show lower levels of expression. This stage is the latest limit for studies in whole mounts as the embryos are less permeable to the probe.
Discussion
We showed previously that transcripts of M-twist are present in morulae and blastocysts, and that it is expressed at the early implantation stage in extraembryonic cells of ectoplacental cone or derivatives. This early expression pattern might suggest that M-twist would be a zygotic partner of putative embryonic polarity genes in mice (Stoetzel et al., submitted) .
Here we described the complex pattern of M-twist transcript accumulation in postimplanted murine conceptuses. Using total RNAs, Northern blots show that M-twist transcripts accumulate at an almost constant rate throughout early embryonic stages. Using poly A+ RNAs, Wolf et al., (1991) showed that M-twist transcripts in whole embryos peaked at 9.5-days of development. This is in agreement with our RT-PCR experiments which allow the detection of M-twist transcripts even in 7.5day embryo RNAs, and detect a peak of M-twist expression between 93day and 11.5-day of development and also with our in situ hybridization analysis that allow the detection of high levels of Mtwist transcripts at least until 123days of development. Total RNA analysis allows the detection of RNA species of discrete sizes, among the whole population of RNAs; poly A+ RNA analysis reveals the subpopulation of RNAs that contains a poly A+ tail long enough to be retained on an oligodT column, while RT-PCR analysis allows to reveal all fragments or intact RNAs that contain the sequences lying between the chosen couple of oligonucleotides.
We observed some discrepancies among the results obtained by using total RNA analysis on one side, and RT-PCR and poly A+ analysis on the other side. As regards M-twist, this might mean that its RNA is weakly synthetized from day 7.5 onwards, is almost at constant higher levels in embryos until day 14, with a peak of (supposed) functional poly A+ species with probable high turnover rate between days 9 and 11. We showed in addition that Mtwist is expressed at detectable levels in different adult organs and at least five time more abundant in adult large intestine.
The developmental pattern of M-twist transcript accumulation is gradual along the dorsal ventral axis, from extra-embryonic tissues towards the embryo proper and, secondly, from cephalic to caudal regions, during branchiomerisation and metamerisation processes. A gradient in the expression of M-twist is also observed in the allantois as transcripts are located within its anterior part during early stages and, later, within its basal part.
Placental mammals, rodents in particular, rely on visceral yolk sac for critical exchanges during early gestation. The expression of M-twist around the exocoelom might suggest that absence of its function would be critical for early embryonic development.
At the primitive streak stage, M-twist transcripts appear in ectodermal cells of the primitive streak and in scattered cells within the embryo proper. These scattered cells were observed by using different protocols for in situ hybridizations (see Experimental procedures). In addition, on histological tissue sections prepared using conditions that minimize histological artifacts these scattered cells were still detectable. Beddington (1983) mentioned the existence of a few cells detached from the epiblast at the primitive streak stage and questioned whether they were involved in mesoderm formation. They might be the result of the intense mitotic activity located at the distal tip of the cylinder, just anterior to the primitive streak (Snow, 1977 and 1978) and at more lateral regions of it (Poelman, 1980) and may correspond to the scattered cells that we observed. Another possibility is that they represent primitive haemopoietic cells. However, their role during mouse development is to be defined. It seems possible that these scattered cells might also belong to the mesodermal anlage or at least represent cells committed to a mesodermal fate.
It has been suggested that regional subdivisions within the murine primitive streak reflect different prospective roles for mesodermal cells (Poelmann, 198 la) . In Xenopus , the presumptive mesodermal cells are rapidly 'regionalized', and Winklbauer (1990) showed that only the presumptive head mesodermal cells (as opposed to the lateral and ventral mesodermal cells) are able to actively migrate on a fibronectin lattice. Thus in frogs, mesodermal cells were shown to behave differently, depending on their fate.
As regards M-twist, its transcripts are detected in subsets of mesenchymal layer, such as head mesenthyme, somites (derived from paraxial mesoderm) or limb buds (derived from lateral mesoderm) and in mesenchymal cells of the branchial arches (derived from cranial neural crest cells) but not in the head process nor in the notochord. Its expression reflects some regionalisation in the mesodermal layer as it occurs as a highly dynamic process, transiently in some regions of the mesodermal layer. The expression of X-twi in Xenopus appears to have similar character (Hopwood et al., 1989) .
Many genes have been described whose expression patterns partially overlap that of M-twist, for example, retinoic acid receptors, cellular retinoid binding proteins (DollC et al., 1989 , Ruberte et al., 1991 and Tfx-1 (Raju et al., 1993) in branchial arches. On the other hand, goosecoid (Gaunt et al., 1993) , during its second wave of expression is detected in branchial arches and limb buds but later than M-twist. It will be interesting to investigate whether some epistatic relations would exist between these genes although they probably belong to different developmental system programs.
In Drosophila in absence of twist function, no ventral furrow is formed and embryos do not differentiate mesoderm derivatives (Simpson, 1983) . However, in homozygote concertina female-derived embryos, there is no ventral furrow formation although twist is expressed . Thus twist expression is necessary but not sufficient to allow gastrulation movements to occur. It might activate zygotic genes such as fog (Zusman and Wieschaus, 1985, Sweeton et al., 1991) that is possibly in the concertina signal transduction pathway of 'cell-cell communication' (Parks and of Development 51 (1995) 251-263 Wieschaus 1991). However, more recently, it has been shown that snail (Boulay et al., 1987 ) is sufficient to induce ventral furrow, while twist is not (Ip et al., 1994) . In addition, twist acts as a transcriptional activator (Ip et al., 1992 , Kosman et al., 1991 , Leptin, 1991 and activates mesoderm-specific genes such as tin and bup (Azpiazu and Frasch, 1993, and Bodmer, 1993) . Branchiomery and metamery govern secondary segmentation processes of the embryos. Metamery involves mainly condensation of paraxial mesoblast into somites, but does not affect epiblast nor entoblast; metamery is obvious within the trunk region, whereas branchiomery occurs only within the head. M-twist is expressed in those cells that will be involved in these processes that involve cell shape changes and differential cell adhesion such as gastrulation.
Thus, transcripts of M-twist accumulate in cells at two distinct phases of early murine embryo development. These two phases correspond with the periods of primary and secondary cell movements. This correlation between accumulation of transcripts and cell movements suggest that the M-twist gene product(s) may play a similar role during both phases.
M-twist has been recently shown to be an inhibitor of muscle differentiation (Hebrok et al., 1994) . However, earlier during development, it might be possible that the M-twist gene function might be dual, (as it seems to be the case in Drosophila for twist), being both necessary to activate 'cell-cell communication' genes that allow cell movements to occur and to act as a transcription activator of mesoderm-specific genes.
Experimental procedures 4.1. Staging of embryos
According to Hogan et al., (1986) , embryos are aged 0.5 day p.c. at noon of the day at which the vaginal plug is found. 4 .2. RNA extraction, Northern and Southern blot an&y-ses Protocols were from Auffray and Rougeon (1980) for RNA extraction and from Sambrook et al., (1989) for all other techniques.
RT-PCR analyses
The pair of oligonucleotides that was used as primers was chosen in the first and second exon of the gene respectively, to allow the unambigous detection of 190-bp fragments amplified on M-twist transcript. These oligonucleotides had been tested previously by PCR on M-twist genomic and M-twist cDNA clones. Our RNA preparations do not contain any detectable DNA contamination, as the oligonucleotides do not amplify any fragment when PCR reactions are performed on RNA preparations without the reverse transcription step. Reverse transcription reactions were done on 100 ng of RNAs extracted from 7.5-14.5-day embryos and adult organs and -l-2 pg of RNAs extracted from 12-day embryo organs.
Briefly, reverse transcription was done in 20 ~1 as follows: aliquots of RNAs plus 100 ng of oligo Si99 were heated to 70°C for 10 min, cooled 5 min to 4°C and incubated with 200 Units of MMV reverse transcriptase (Gibco BRL) in the presence of 750 mM of each of four dNTPs, 5 Units of RNasin and 5 mM DTT for 50 min at 42°C; reaction was stopped at 95°C for 5 min, left at 4°C for 10 min, then 20 ng RNAse was added and incubated at 37°C for 20 min. PCR reactions were done on 2.5 ~1 of RNase treated mix: 100 ng of Si 99, 100 ng of SG 15 1, 2 mM MgC12, 200 mM each dNTP, 2 mM DTT and 1.25 units of Taq Polymerase in final volume of 25 ~1 were overlaid with mineral oil and amplified in a thermal cycler (Perkin Elmers) for 30 cycles under the following conditions: 94°C for 30 s, 55°C for 90 s, 72°C for 120 s. Aliquots of 20 ~1 of reaction mixes were loaded onto 1.5% agarose gels, transferred, Southern blotted and probed with the 32P Sc7 M-twist cDNA fragment (Sambrook et al., 1989) . For DNA probes, the electroeluted 420-bp XbalEcoRl fragment of the M-twist cDNA (Wolf et a1.,1991) was labeled with digoxigenin according to Tautz et al., (1989) . Control DNA was mainly digoxigenin labeled pBR328 DNA from the Boehringer non-radioactive kit.
Digoxigenin labeled riboprobes and controls were generated as directed by manufacturer (Boehringer Manheim) from linearized 420-bp Xbal -EcoR 1 pBluescipt or from linearised 1.3-kb Sc7 M-twist cDNA pBluescript templates (Wolf et al., 1991) .
Whole mount in situ hybridization
Procedures from Bernhard Herrmann ( 199 1) and Ron Conlon (Mount Sinai' Hospital, Toronto) were both used and gave similar results, using digoxigenin RNA or DNA probes. Using these protocols, each batch of staged embryos was digested with Proteinase K, one part was incubated with the dig-labeled probe, the other with the dig-labeled control. DNA probes were hybridized at 45-52°C.
Using the Rosen and Beddington protocol (1993) hybridizing temperatures of 70°C or 52°C were used. These gave the same pattern as with other methods and was only used with dig-labeled riboprobes. The strength of the signal was higher when Sc7 M-twist cDNA 1.3-kb derived probes were used, instead of Xbal-EcoR 1 de-rived probes. Embryos were handled in micro-baskets of stainless steel grids heat-sealed to the bottom of cut 0.5 and 1.5 ml Eppendorf tubes.
Reacted embryos were mounted in glycerol and observed through a Nikon microscope, with a 10x or 20 x objective with Nomarski interference optics. Dark field pictures were taken with the 0.75 x objective mounted on a Nikon stereomicroscope.
